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1 
This invention relates fo petroleum emulsions 
of the water-in-oil type that are. commonly re- 
ferred fo as "cut off," "roily off," "emulsified off," 
etc., and which comprises fine droplets of natu- 
rally-occurring waters or brines dispersed in a 
more or less permanentstate throughout the off 
which Constitutes the continuous phase of the 
emulsion. 
One object of my invention is to provide a 
novel process for breaking or resolving emulsions 
of the kind referred to. , 
Another object of my invention is to provde 
an economical and rapid process for separating 
emulsions which have been prepared under con- 
trolled conditions from mineral off, such as crude 
off and relatively sort waters or weak brines. 
Controlled emulsification and subsequen t de- 
mulsification under the conditions just men- 
tioned, are of significant value in removing im- 
purities particularly inorganic salts from pipeline 
oil. 
Demuisification as contemplated in the present 
application includes the preventive step of com- 
mingling the demulsifier with the aqueous com- 
ponent which would or might subsequently be- 
corne either phase of the emuision, in absence 
of such precautionary measure. Similarly, such 
demulsifier may be mixed with the hydrocarbon 
component. 
The demulsifying agent employed in the pres- 
ent process is a fractional ester obtained fr0tn a 
polycarboxy acid and a diol obtained bY the oxy- 
propylation of a dihydroxy ether of g]ycerol. 
This glycerol ether is obtained by reacting one 
mole of cyclohexanol with one mole of glycid, or 
any comparable procedure i which produces the 
same compound or equivalent isomer thereof. 
Cyclohexanol is obtained by the hydrogenation 
of phenol and is avaflable in the open mar.ket. 
My preference is fo treat the glycerol ether of 
cyc]ohexanol With suflïcient propylene oxide so 
that the rèsulting Product is hot completely 
waer-soluble, i. e., is at least emulsifiablé or in- 
soluble in water, and aiso so the product is no 
longer complete]y insoluble in kerosene, i. e., tends 
fo disperse or is soluble in kerosene. Nèedless fo 
say, the upper mo]écular weight subsequently de- 
scribed involves products which are complëtely 
water-ins01uble and completely kerosene-soluble 
as differentiated from dispersibflity or emulsifl- 
ability. Itis tobe noted that the original alc0h01 
itself, i. e., cyclohexanol, is water-soluble, for in- 
stance, approximately 3.6 parts in 100 parts of 
water af 20 ° C., and the dihydroxy compound 
obtained by reaction with glycerol monochloro- 
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hdr or giYcide is even more water-soluble and 
decidedly less kerosene-soluble than cyclohexanol 
itself. 
In the here appended claimsreference fo the 
5 product being water-ioluble mea lack of solu- 
bflity either by beg oy dispersible, emuls- 
able, or rapidly settling out in layers, or for that 
marrer completely insoluble in the ual sense. 
The intention   differentiate from an ordinary 
10 soluble substance. Similarly reference in. the 
claires  being at least kerosene-dpersible 
means that the product will at least dperse or 
emulsify in kerosene or may be complely soluble 
in kerosene fo give a clear, transparent, .homo- 
15 geneous solution: 
As stated, the monohydric alcohol has the fol- 
lowing structure: 

20 
in which 

25 represents the cyclohexane ring. 

The glycide 
derivative is of the following structure: 
O] 
OC 
SO o] 
It is this latter compound which is subjected fo 
oxypropylation. If for convenience the latter 
compound is indicated thns: ttOPJO,tt the prod- 
uct obtained by oxypropylation may be indicated 
$5 thus: 
I-I(OCsH6) nO!R,'O (CsH60.) n,tt " 
with the proviso that n and n' represent whole 
numbers which added together equal a sum vary- 
40 ing from 15 fo 80, and the acidic ester obtained 
by reaction of the polycarboxy acid may be indi- 
cated thus: 
0 0 
(Ho 0 c).,R ' (0 cm).o R'o (cmo)., (c 0 0),, 
45 . 
m which the characters have their previons sig- 
nificance, and n" is a vhole number hot over 2 
and R is the radical of the polycarboxy radical 
CO0] 
50 R 
(c oo]).,, 
and preferably free from any radicals having 
more than 8 uninterrupted carbon atoms in a 
55 single group, and with the further proviso that 
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the parent diol prior fo esterification be preïer- 
ably water-insoluble or water-dispersible, and 
kerosene-soluble or kerosene-dispersible. 
Attention is directed fo the co-pending appli- 
cation oÏ C. M. Blair, Jr., Serial No. 70,811, filed 5 
January 13, 1949, now Patent 2,562,878, granted 
August 7, 1951, in which there is described, among 
other things, a process for breaking petroleum 
emulsions oï the water-in-oil type characterized . 
by subjecting the emulsion fo the action oÏ an I0 
esterification product of a dicarboxylic acid and 
a polyalkylene glycol in which the ratio of equiv- 
alents of polybasic acid fo equivalents of poly- 
alkylene glycol is in the range oÏ 0.5 fo 2.0, in 
which the alkylene group has from 2 fo 3 carbon 15 
atoms, and in which the molecular weight oÏ the 
product is between 1,500 fo 4,000. 
Similarly, there have been used esters oî 
carboxy acids and polypropylene glycols in which 
2 moles of the dicarboxy acid osier have been 20 
reacted with one mole.of a.polYlOrOpylene glycol 
havinga molecular weight, for example, oï 2,000 
so as fo form an acidc fractional osier. Subse- 
quent examination of what is said herein in com- 
parison with the previous example as well as the 25 
hereto appended claires will show the line of 
delineation between such somewhat comparable 
compounds. Of greater significance, however, is 
what is said subsequently in regard fo the struc- 
ture of the parent diol as compared fo polypro- 30 
pylene glycols whose molecular weights may vary 
from 1,000 fo 2,000. 
For convenience, what is said hereinafter will 
be divided hoEto fzve parts: 
Part 1 will be concerned with the ioreparation 35 
of the diol by reacting cyclohexanol with glycide 
or ifs equivalent; 
Part 2 will be concerned with the oxypropyla- 
tion of the diol obtained in the manner previously 
described in Part 1; 40 
Part 3 v¢fll be .coucerned vith the preparation 
of esters from the aforementioned oxypropylation 
derivatives; 
Part 4 will be concerned with the structure of 
the herein described diols and their signhîcance 45 
in light of what is said subsequently; and 
Part 5 will be concerned with the use of the 
products herein des'cribed as demulsilïers for 
breaking water-in-oïl emulsions. 
PAleT 1 50 
AS previously-pointed ou the monohydric .com- 
pound herein employed, i. e., cyclohexanol, is 
available in the open market. Cyclohexaol is 
reacted with a suitable reactant, such as glycide, 55 
fo give the dihydroxy compound previously 
shown, namely, 
0 C . . 
60 
AS far as ïorming the dihydroxyl rcompound is 
concerned other reactions can be employed which 
do hot involve glycide; for example, one can 
produce esters of the kind herein employed by 65 
use of a glycerol monbchiorohydrin, i. e., either 
alpha or beta glycerol monochlorohydrin. At- 
tention is directed again fo the fact that in the 
previous formula and in the formulas in the 
claires it would be immaterial whether the free 
hydroxyl radicsls prior fo esterification are pres- 
ont as attached fo the first and third terminal 
carbon atoms, or second and third carbon atoms. 
This is simplY an isomeric difference depending 
on how the epoxy ring is ruptured in the case of 

glycide, or whether one employs giYcerol alpha 
monochlorohydrin or glycerol beta monochloro- 
hydrin. Other suitable procedure involves the 
use of epichlorohydrin in a conventional manner. 
or instance, the oxypropylated 'compound can 
be treated with epichlorohydrin and the resultant 
product treated with caustic soda so as to reform 
the epoxy ring. The epoxide so obtained can 
thon be treated with water so as to yield a com- 
pound having two hydroxyl radicals attached to 
two of the three terminally adjacent carbon 
atoms. 
Attention is directed fo the fact that the use 
of glycide requires extreme .caution. This is par- 
ticularly true on any scale other than small lab- 
oratory or semi-pilot plant operations. Purely 
from the standpoint of safetY in the handling of 
glycide, attention is directed to the following: 
(a) if lereleared from glycerol monochlorohydrin, 
this product should be comparatively pure; (b) 
the glycide itself should be as pure as possible' as 
the effect of impurities is dif5cult fo evaluate; 
(c) the glycide should be introduced carefully 
and precaution should be taken that if reacts as 
promptly as introduced i. e., that no excess of 
glycide is allowed to accumulate; (dD all nces- 
sary precaution should be taken that glycide Can 
not leolymerize per se; (e) due fo the high boil- 
ing point of glycide one can readily employ a 
typical selearatable glass resin pot. as described 
in U. S. Patent No. 2,499,370, dated ],arch7, 1950, 
fo De Groote and Keiser, and offered for sale by 
numerous laboratory suleply houses, if such ar- 
rangement is used to prepare laboratory-scale 
duplications, then care should be taken that the 
heating mantle can be removed rapidly so as fo 
allow for cooling; or beter till, through an added 
opening af the top, the glass resin pot. or com- 
parable vesse1 should be equipped wth a stainless 
steel cooling coil so that the pot can be coo!ed 
more rapidly than by mere removal of mantle. 
if a stainless steel coi1 is introdu'ced if means 
that the conventional stirrer of the paddle type 
is changed into the centrifugal type which causes 
the fiuid or reactants fo mix due fo swiriing 
action in the conter of the pot. Still botter is 
the use of a laboratory autoclave of- the kind 
previously described in this part; but in any 
event when the iitial amount of glycide is added 
fo a suitable reactant, the speed of rea.ction should 
be controlled by the usual factors, such as (a) the 
addition of glycide; (b) the elimination of- exter- 
nal heat; and (c) the use of cooling coil so there 
is no undue rise in-temperture. AIl-the fore- 
going is merely conventional but is included due 
to the hazard in handling glycide. 
Examie la 
The equipment used with a glass resin pot -of 
the kind described above, into this rein pot 
vere charged 5 gram moles of cyclohexanoL 
This represented 50{I grains. To this there wee 
added slightl over I% of 'sodium methylate 
ecuivalent to 6 grams. The temperature of the 
reaction rnass was raised fo 117.5 ° C. -5 moles of 
glycide-equivalent to 30 grains were dded-s]ow- 
ly.over.a period of approximately 6 hours-at the 
rate of about 50 grains per houï. When the 
temPerature tended o rise past 130 °-C.,the re- 
70 action-mass was .cooled; if the temperature 
showed a £endency to drop below 115 ° or 
the reaction mass was heated. - When- al-he 
glycide had been added the reaction mass-.WaS 
stirred for approximately .one hour longer at 135 ° 
75 C., and thon was heated fo .a temperature below 
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the decomposition point of glycide, for instance, 
140ç C., and held af this temperature for another 
h0ur«:.. F.n this. particular reaction there, is less 
ha.ard, than. is usually the case insofar that the 
am0unç ofglyeide added was comparatively.small 
and"it as added slowly. " Even so, such oxy 
alkylation should be cond.ucted with extremecare. 
.Other catalysts .can be employeoE such as caustic 
soda, or :caustic potash, but pure!y as a marrer 
ofconvenience t have employed sodium methyl- 
are.  The amount of catalyst can Se incieased 
but the objection is that more alkaline material 
must be su.'bsequently removed-prio to esterifl- 
cation as described in Part 3, ollowing, or the 
reaction may .take place too rapidly, or rnight 
possibly polymerize the glycide itself rather than 
-have it react withthe glycol ether. 
pT 2 
 For  number of vell kn0wn reasons, equip- 
ment whether laboratory size, semi-pilot, plant 
size .pilot plant size, or large scale size, is hot as 
a rule 'designed ïor a particular alkylene oxide. 
Invariably and inevitably, however, or. particu- 
larly in he .cse oï laboratory equipment-and 
pilot plant size the design is such as to .use any 
oï.the customarily.availale alkylene oxide, i. e., 
ethylene oxide, propylene oxide, butylene oxide 
glycide, epichlorohydrin,, styrene oxide, etc. In 
the subsequent description of the equipment if 
oecomes obvious that if is adapted for oxyethyl- 
atiOn as well as oxypropylation. 
Oxypropylations are conducted under a .wide 
variety of conditions, not only in regard to pres- 
ente or absence of catalyst, and the kind of 
catalyst, but also in regard to the rime of reac- 
tion, temperature of reaction, speed of reaction, 
pressure during reaction, etc. For instance, oxy- 
alklyations can be conducted at temperatures .up 
to approximately 00 ° C. with pressures in about 
the Same range up to about 200 pounds per square 
inch  They can be conducted also ai tempera- 
tures appr0ximating the bofling point of water 
or slightly above, as for example 95 ° to 10 ° C. 
Under  such circumstances the pressure will be 
less than 30 pounds per square inch unless some 
special procedure is employed asis sometimes the 
case, to wit, keeping an atmosphere o.f inert gas 
such as nitrogen in the vessel during the reaction. 
:Such low-temperature-low reaction rate oxy- 
propylations bave been described very completely 
inU. S. Patent No. 448664, to H. R. File et al., 
dated September 7, 1948. Low temperature, low 
pressure oxypropylations are particularly desir- 
able where the compound being subjected to oxy- 
propylation contains one, two or three points of 
reation on]y, such as monohydric alcohols, gly- 
cols and triols. 
Since low pressure-low temperature reaction 
Speed oxypropylations require considerable rime, 
for instance, 1 to 7 days of 24 hours eah to 
complete the reaction they are conducted as a 
rule hether on a la'boratory scale, pilot plant 
scale, or large scale, so-as to operate automati- 
cally. The prior figure of seven days applies 
especially to. large-scale operations. I bave used 
conventional equipment with two added auto- 
.matic features; ( a solenoid controlled valve 
 which shuts off. the propylene oxide in event 
that the temperature get outside a predeter- 
.mined and set range, forinstance, 95 ° to 120 ° C., 
and () another solenoid valve which shuts off 
the propylene 0xide.(or for that matter ethylene 
oxide if it is being used) if the pressure gets 
beyon_d a predetermined range, such as 5 fo 35 

6 
pounds.. ,Otherwise, the equipmnt is substan 
tially the saine as is "commonly. employêd.-for 
this purpose where the .pressure of reaction is 
higher, speçd of reaction is higher, and rime, of 
5 reaction is much shorter. In such instances.,such 
automatic controls are hot necessarily use&.., 
Thus, in preparing the.various examples I bave 
found it particularly advantageous to.use labora, 
tory equipment or pilot plant .which is designed 
l0 to permit continuous oxyalkylation whether it be 
oxypropylation or oxyethylation. With, certain 
obvious changes the equipment can ,be used also 
to permit oxyalkylation involving.the use of glyc- 
ide where no .pressure is involved except.the 
15 vapor pressure of a solvent, if any, which may 
have oeen used as a diluent. ' 
As previously pointed out the method of using 
propylene oxide is the saine as ethylene..oxide. 
This point is emphsized only for the reason that 
2O the apparatus is so designed and constructed .as 
fo use either oxide,  . . : .. : '-... 
The oxypropylation procedure employed2n the 
preparation of the oxyalkylated derivatives bas 
been un]formly .the saine,  particularly: in light 
25 of ttie 'tact that a .continuous automatically 
controlled :procedure':was employed. 
procedure the autoclave was a.conventional auto- 
clave marie of stainless' steel and having a_-ca 
pacity of approximately 15 gallons .and: a Wórk- 
3O ing pressure of one thousand pounds gauge pres- 
sure. This pressure obviously is far beyond any 
requirement as far as propylen oxide goes un 
less there is a reaction of explosive violence in- 
volved due .to accident. The autoclave .was 
35 equipped with the conventional devices and opn- 
ings, .such. as the variable-speed stirrer operating 
at speeds from 50.1%. P. M. to 500 R..P.M.. ther 
mometer well and thermocouple for mechanical 
thermometer; emptying outlet; pressure gauge 
40 manual vent line; charge hole for initial.e'àc- 
tants; at least .one connection, for introducing 
the alkylene oxide, such as. propylene oxide or 
ethylene oxid, to the bottom of the autoclave; 
along with suitable devices for both cooling and 
45 heating the autoclave, such as a cooling jacket, 
and, preferably, coils in addition thereto, with 
the jacket so arranged that it is suitable for 
heating with steam or cooling with water and 
further equipped with electrical heating devices. 
50 S/ch autoclaves are, of course, in essence.small- 
scale replicas of the usual conventional auto- 
clave used in oxyalkylation procedures.. In some 
instances in exploratory prparations an auto 
cla"e having a smaller capacity, for instance,.ap- 
55 proximately 3/ liters in one case and about 
gallons in another case,-was used.... 
Continuous operation, or substantiallY, c0nr 
tinuous operation, was achieved by the use of a 
separate container fo hold the alkylene oxide be- 
60 ing employed, particularly propylene oxide. In 
conjunction with the smaller autoclaves, the con, 
tainer consists essentially of a laboratorX bomb 
having a capacity of about one-half gallon, or 
somewhat in excess .thereof. In some instances 
65 a larger bomb was used, to .wit, one having a ca- 
pacity of about one gallon. This bomb was 
equipped, also, with an in]et for charging, and 
an eductor tube going to the bottom of the con- 
tainer so as to permit discharging of aikylene 
70 oxide in the liquid phase to the autoclave. A 
bomb having a capacity of about 60 pounds Was 
used in cormection with the iS-gallon autoclave. 
Other conventional equipment consists, of course, 
of the rupture disc, pressure gauge, sight feed 
75 glass, thermometer connection for nitrogen for 
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pressuring bomb, etc. The bomb was placed on 
a scale during use. The connections between 
the bomband the autoclave were flexible stain- 
less steel hose or tubing so that continuous 
weighings could be ruade without breaking or 
making any connections. This applies also to 
the nitrogen line, which .was used to pressure 
the bomb reservoir. To the extent that it was 
required, any other usual conventional procedure 
or addition which provided greater safety was 
used, of course, such as safety glass protective 
screens, etc. 
Attention is directed again, fo what has been 
said :previously in regard to automatic controls 
which shut off the propylene oxide in event tem- 
perature of reaction passes out of the. predeter- 
mined range or if pressure in the autoclave pass- 
es: out.of predetermined range. 
.Vith his part2cular arrangemeng practically 
all.oxypropylations become uniform in that the 
reaction temperature was held within a Iew de- 
grees of any selected point, for instance, if 105 ° C. 
was selected as the operating temperature the 
maximum point would be at the most 110 C.. or 
112  c., and the lower point would be 95 ° or. POS- 
sibly 98 ° C. Similarly, the pressure was :held at 
approximately 30 pounds within a 5-pound varia- 
tion one way or the other, but might drop to 
practically zero, especially where no solvent such 
as xylene is employed. The speed of reaction was 
comparatively slow under such conditions as com- 
pared with oxyalkylations at 200 ° C. Numerot 
reactions were conducted in which the rime va- 
ried from one day (24 hours) up to three days 
(72. hours), ïor completion of the final .number 
of: a series. In some instances the reaction .may 
take.place in considerably .less rime, i. e., 24 hours 
orless; as far as a partial oxypropylation is con: 
cerned. 
The minimum rime recorded was 2 hours. Re- 
actions indicated as being complete in 2 hours 
or so may have been complete in a .lesser period 
of rime in light of the automatic equipment used. 
This applies to larger autoclaves where the re- 
actions were complete in 5 to 10 hours. In .the 
addition oï propylene oxide, in the autoclave 
equipment as far as possible the valves were set 
so all the propylene oxide was fed in at a rate 
so the predetermined amount reacted in the first 
two-thirds of the .selected period; for instance, 
ifthe selected.period was 3 hours the rate was 
set .so theoxide could be fed in in two hours or 
less. This meant that-if the reaction was .in- 
terrupted automatically for.. a perio d of rime 
the .pressure to drop, or the temperature to. drop, 
the predetermined-amount of oxide «would.still 
be .added in most instances well .vithin. the 13re- 
determined time period. In one experiment the 
-addition of oxide was madeover a-comparatively 
 long period, i. e., 12 hours. In some instances, 
of course, the reaction could be speeded-up to 
quite a marked degree. 
When operating at a comparatiely high :.tem 
perature, ïor instance, betveen 150 ° to 200 ° ..C., 
an unreacted alkylene oxide such as propylene 
oxide, makes its presence felt in the increase in 
pressure or the consistency of a higher pressure. 
However, at a low enough temperature it may 
happen that the propylene oxide goes in.as a 
liquid. If so, and i it remains unreacted there 
is, of course, an inherent danger and appropriate 
 steps must be taken to. Safeguard against this 
possibility; if need be a sample must be with- 
drawn and examined ïor unreacted propylene 
oxide. One obvious procedure, of course, is to 

8 
oxypropylate at a modestly higher temperature, 
for instance, at 140 ° to 150 °. C. Unreactcd oxide 
affects determination of the acetyl or hydroxyl 
value . of the hydroxylated compound, obtained. 
 The higher the molecular weight of the coin- 
5 pound, i. e., towards the latter stages .of reaction, 
the longer the rime required to add a. given 
amount of oxide. One possible explanation is 
that the molecule, being larger, the opportunity 
for random reaction is decreased. Inversely, the 
10 
lower the molecular weight the-faster the re- 
action takes place. For this reason, sometimes 
at least, increasing the concentration of the 
catalyst does not appreciably speed up the .re- 
action, particularly when the product subjected 
15 .to oxyalkylation has a comparatively high mo- 
lecular weight. However, as has been p0inted out 
previously, operating at a low pressure and a 
low temperature even in large scale operations 
as much as a week or ten days rime may elapse 
20 
to obtain some of the higher molecular weight 
derivatives from monohydric or dihydric mate- 
rials. 
In a number of opertions the counterbalance 
scale, or dial scale holding the propylene oxide 
25 
bomb was so set that when the predetermined 
amount of propylene oxide had passed into the 
reaction the scale movement through a rime op- 
erating device was set for either one to two hours 
3o so that reaction continued from 1/2 to 2/2 hours 
after the final addition of the last propylene 
oxide and thereafter the operation was shut 
down. This particular device is particularly.suit- 
able for use on larger equipment than laboratory 
35 size autoclaves, to wit, on semi,pilot plant, or 
pilot plant size as well as on large scale size. 
This final stirring .period is intended to. avoid 
the presence of unreacted oxide. 
 .In this sort of operation, of course, the rem, 
40 perature range was controlled automatically by 
either. Use of cooling :water, steam, or electrical 
heat, so as to raise or lower the temperature. 
The pressuring of. the propylene oxide into the 
reaction vessel was also automatic insofar that 
45 the feed stream was set for a slow continuous 
run which was shut off in case the pressure 
passed a prede£ermined point as previously set 
out. All the points of design, construction, etc., 
 were conventional including the gases, check 
5o -valves and entire equipment. As far as I ara 
aware at least two firms, and possibly three, 
specialize in autoclave equipment such asI hae 
employed in. the laboratory, and .are prepared .to 
OEurnishequipment of this saine kind. Simflarly 
5. pilot plant equipment is available. This point is 
simply ruade as a precaution in the direction of 
safety. Oxyalkylations, particularly inl01ving 
ethylene oxide, glycide, propylene oxide, etc., 
should not be conducted except in .equipment 
. specflïcally designed for the purpose. 
Example lb 
The dihydroxy compound employed was the 
one previously described which, for purposes of 
c5 convenience, .wfll be termed the glycerol .ether 
of cyclohexanol. The autoclave employed was a 
small autoclave having a .capacity of approxi- 
mately one gallon: This autoclave was equipped 
With various automatic devices. In some 
7o stances the oxypropylations were run with auto- 
matic controls and in other instances, since the 
oxypropy!ation was very short, with manual 
controls. Needless to say, it was immaterial 
which way the autoclave was handled. 
75 141 grains of the dihydroxylated compound 
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previously described were charged into the auto- 
clave along with 14 grains of caustic soda. If 
is fo be noted that the sodium methylate used 
ir the glycide reaction Was permitted fo remain 
in the reaction mass. " This meant that the con- 
centration of catalyst was slightly higher than 
indicated by the amount of causfic added. 
The reaction pot was .flushed out with nitrogen; 
the. autoclave was sealed, and the automatic 
deçices adjusted for injecting 669 grains of pro- 
pylene oxide in about 2 hours. The pressure reg- 
ulat6r was set for a maximum of 35 pounds per 
square inch. This meant that the bulk of the 
reaction could take place and probably did take 
place af a comparatively lower pressure. This 
comparativily lowir pressure was the result of 
the fact that at least in part considerable cata= 
lyst was-.employed. The propylene oxide was 
added ai therate of about 400 grains per hour. 
AIl the oxide was added in about 1½ hours but 
stirring was continued for another hall hour. 
More important, the selected temperature was 
110 ° . (jus moderately above the bofling point 
of water). The initial introduction of oxide was 
hot started untfl the heating devices had raised 
the .temperature fo slightly over 100 ° C. When 
the reaction was c0mplete part of the reaction 
mass was withdrawn as a sample and the re- 
maindersubjected fo ïurther oxypropylation as 
described in Example 2b, immediately ïollowing. 
Exampe 2b 
386 grams of %he reaction mass representing 
67 grains of the original dihydroxylated com- 
p0und, 312 grains of propylene oxide, and 7 grains 
of caustic soda,.were subjected to further react$on 
with 37rigrains of propylene oxide without adding 
any moe catalyst. The Conditions of reaction, as 
far as temperature and pressure were concerned, 
weeidentically thè saine as in Example lb, pre- 

hour. At the completion .of the reaction.part of 
the.reaction mass was withdrawn .and ,the re- 
mainder, subjected .fo, the .final oxypropylation 
.step was described in Example 4b, immediately 
f following. 
 Exzmple 4b 
140 grams of the :raction"mass prëviously 
identified as Example 3b andrepresenting the 
equlvalent o.f 8 amsit:thè oiginal .dihydroxyl- 
10 ated materïal,. 131 grains of pr0pylene oxide and 
one grain of catalyst wer.e subjeeted fo ïurther 
oxypropylation with 43 grains of propylene oxide. 
The conditions of reaction as far as emperature 
' and pressure were concerned were he saine as 
1 in Example lb, preceding. Due to the low con- 
centration of catalyst, however, the reaction was 
very slow since the oxide was reacted af about 
10 grains per bourg The rime required for com- 
pletion of the reaction with a short stirring period 
20 atthe end was5/2 h0urs. " 
In the hereto ataçtçd .tables it will be noted 
that this series .shows " theoretical molecular 
weights varying from 1000 -fo 4,000, and hydroxyl 
molecular weights varying from a little less than 
25 900 fo a little less than 1600; In another series 
of experiments I poceeded furthei-.by threè addi- 
tional steps; at a molecular weight corresponding 
to 5,000 theoretical the hydroxyl molecular weight 
was .approximately 2250. at 6,000 theoretical 
30 molecular weight ,the hydroxyl moleclflar weight 
was .about 2500, and at-.7,000 theoretical molecular 
weight the hydroxyl molecular weight was 2650. 
I have esterified thése particular oxypr.0pylated 
derivatives as well as. the. enes specifically de- 
35 scribed herein. 
What has b.een Said-herein is. presented in 
tabular f0rm in Table 1. immediately fofiöwing, 
with some added information as fo molecular 
weight nd as to solubflity of the reaction prod- 
40 uct in water, xylene and kerosene. 
TABLE 1. 

.Composition Before 
. C.I Ode Caa- 
Amt. Amt. lyst 
grs. grs. grs. 

141 ........ 14 
67 312 7 
30 310 3 
8 131 1 

Composition at End 

Theo. H.C.t 0xide Caa: 
Mol. Amt. Amt. lyst 
Wt. grs. grs. grs. 

1,000 141 .669 - 14 
1,960 67 .688 7 
2,935 30 477 "- 3 
3,955 8 "-..74 1 

by ,]yl. 
I) eter-. 
mill. 

860 
1,294 
1,470 
1,530 

Max.. 
Temp. 
oC. 

110 
110 
110 
110 

laX. 
Pres. : Time 
lbs. 'Hrs. 
sq. in. 
35 2 
35 2 
35 3 
35 5½ 

ceding; The rime required .fo add the oxide was 55 
the sa.me.. The rate of addition was slighly over 
200 grams per hour. &t the completion of this 
stage-of oxypropylation part of the sample was 
withdrawn and the .remainder subjected o ïur- 
ther oxyprepylation as described in Example 30, 60 
immediately .following.. 
..  . «: . Excm'p'Ie 3b 
 :343 grams of the reaction mass identified as 
Example 2: preceding, representing 30 grains of 65 
the .original dihydroxylated material, 310 grams 
6f:Prd.pylene oxide, and 3 grams of catalyst, were 
bjeëtl fo further oxypropylation by the addi-. 
ion of 167 grains of propylene oxide. The con- 
ditions óf reaction as far as. temperature and 7O 
pressure -were concerned were substantially the 
saisie .as n Example la, preceding. The rime re- 
quïed ,to add the 0xide was 3 hous. Due fo a 
10wer Concentration of catalyst the addition rate 
V :C6iisideablY slover, :to wit, 75 .grams per 5 

1 The hydroxylated compound is the glycerol ether of cyclohexanol. ,' 
Example 1/) as enulsable in water, soluble 

in xylene, and insolpbte in kerosene. Examples 
2b, 3b and 4b were all insoluble in waer, soluble 
in xylene, and soluble in kerosene 
The final product, i..e., af the end of the oxy- 
propylation step, was a somewha viscous amber- 
col0red fiuid which vas wàter-insoluble. This is 
characteristic Of all vari0us end products obtained 
in this .series. These products were, of course, 
slightly alkaline, due t0 the residual, caustic soda 
employed. This would also be the case.if sodium 
methylate were used as a catalyst. .  
8peaking. p ir/solub'flity in Water.or solubility 
in. kerosene.suh solubility tes can. be ruade 
simply by shaking small amounts of the mate- 
rials in a test tube..with Waer, for instance, 
using 1%: t0 5% .approximately based on the 
amount, of water prsnt:.. . 
. Needless .fo say, the.e.:is no"complete conver- 
sion of propylene 0xideinto the_ desired hydrox- 
ylated compounds. :_This.is indicated by _the fac.t 
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Il 
that the theoretical molecular weight based on a 
statistical average is greater than the molecular 
weight calculated by usual methods on basis 
acetyl or hydroxyl value. Actually, there is no 
completely satisfactory method for determining 
molecular weights of these types of compounds 
with a high degree of accuracy when the.mqlecu- 
lar weights exceed 2,000. In some instances the 
acetyl value -or- hydroxyl value serres as satisfac- 
torily, as an flndex fo thé' molecular weight as 10 
any other procedure, subject fo the above ILmi- 
rations, and especially, in the .higher molecular 
weight range. If any difficulty is encountered in 
the manufacture_ of the esters as described in 
Part 3 the stoichiometrical amount of acid or 15 
acid compound should be taken which corre- 
sponds fo the indicated acetyl or hydroxyl value. 
This marrer has been discussed in the literature 
and is a marrer of common knowledge and re- 
quires no further elaboration. In fact, if is illus- 20 
trated by some of the examples appearing in the 
patent previously mentioned. 
PART 3 
As previously pointed out the present inven- 25 
tion is concerned with acidic esters obtained from 
he oxypropylated derivatives described in Part 
2, immediately precedflng, and p01ycarboxy acids, 
particularly dicarboxy acids such as adipic acid, 
phthalic acid, or anhydride, succinic acid, di- 30 
glycollic, acid sebacic acid; azelaic acid, aconitic 
acid, maleic acid or anhydride, citraconic acid or 
anhydride, maleic acid or anhydride adducts as 
obtained by the Diels«Aider reaction from prod- 
ucts such as maleic anhydride, and cyclopenta 35 
diene. Such acids should be heat stable so they 
are hot decomposed during esteriflcation. They 
may contain as many as.36'carbon atoms as, for 
example, the acids obtained by dimerization of 
unsaturated fatty acids, unsaturated monocar- 
boxy fatty acids, or unsaturated monocarboxy 
acids having 18 carbon atoms. Reference fo the 
acid fin the hereto appended claires obviously in- 
cludes the anhydrides, or any other obvious 
equivalents. My preference, however, is. fo use 
polycarboxy acids having hot over 8 carbon - 
atoms. 
The production of esters including acid esters 
(fractional esters) from polycarboxF acids and 
glycols or other hydroxylated compounds is 50 
well Mnown. Needless to say, various compounds 
may be used such as the low molal ester, the an- 
hydride, the acyl chloride, etc. However, for 
purpose of economy it is customary fo use either 
the acid or the anhydride. A conventional pro- 55 
cedure is employed. On ataboratory Scale one  
can employ a resin pot of the kflnd described in 
U. S. Patent No. 2,499,370, dated March  1950, 
fo De Groote and Keiser, and particularly with 
on more opening to permit theuse of a porous 60 
spreader if hydrochloric acid gas is fo be used as 
a catalyst. Such device or absorption spreader 
consists of minute Alundum thimbles which are 
cormected fo a glass tube. One can add a sul- 
fonic-acid such as para-toluene suifonic acid as 65 
a catalyst. There is. some objection to.thisbe - 
cause in some instancès _there iS some evidence 
that this acid catalyst tends to decompose0r 
arrange heat oxypropylaed compounds, and pr- 
ticulaly likely t0ïlo so:if the esterification tem- 
perature is too high. In the .case of pglycarboxy 
acids such as diglycolic:acd, which is strongly 
cidic there isno need t6-add any catalyst. The 
zïe of hydr0chl0rïc gas has one advantage over 
paratoluene sulfonic' acid and lhat is.that atthe 

12 
-end of thereaction i can be removed bï flushing 
out. with nitrogen, whereas there, is. no. reason-. 
ably convenient means available of remoingthe 
paratolunelsulfonic acid or othersulfonic acid 
employed. If hydroctiloric _acid is employed one 
need only pass the gas through ai an exceedingly 
slow rate so as fo keep-the reaction mass acidic. 
.Only a trace'of acid need be present.. 
employed hydrochlorïc acid gas or-the aqueous 
acid itself to eliminate the initial basic mterial. 
My preference, however, is to use no cata!yst 
whatsoever and to flnsure complete dryness.of he 
diol as described in .the final procedure just pre- 
ceding of Table 2. 
The .products ebtained.-i.Pat 2 ipreceding may 
contain a bsic catalys. As. a generalprocedure 
I have added an amount of halfrconcentated 
hydrochloric acid considerably in:-excess of- what 
is .required fo neutralize the .-residual/catalyst. 
The mixture is.shaken thoroug.hly, and all0wed 
.to stand-, overnight.. If is- then filtered and. re- 
fiuxed, with the xylene present untit, the water 
can be separa-ted in aphase-separating trap.. As 
soon as .the product is substantially free from 
water the distillation stops. This preliminay 
step can b carried out in the fiask to be used.for 
esterification.- If there is any further, deposition 
of sodium chloride during the reflux stage need- 
less fo say a second filtration may be required. 
In any-event the neutral or-slightly acidic solu- 
tion of the oxypropylatèd derivatives described fin 
Part 2 is then diluted further with sufficient 
xylene, decalin, petroleum solvent, or the like, 
so that one has obtained approximately a 65% 
solution. To this solution there is added a poly- 
carboxylated, reactant as previously described, 
such. as phthalic anhydride, succinic acid.or n- 
hydride,.diglycoilic acid, etc. The mixture is re- 
fluxed Until estegification is complete as indicated 
by elimination of water or drop in carboxyl_value 
Needless to say, if one produces a haif-ester from 
an anhydride such as phthalic anhydride, no 
water is. eliminated, ttowever, if if is obtained 
from diglycollic acid, for example, water is elimi- 
nated. Ai1 such procedures are conventional and 
have been so.thoroughly described in the litera- 
ture that..further consideration will be limited fo 
a few examples and a comprehensive table. 
Other procedures for eliminating the basic 
residual catalyst, if any, can be employed. For 
example, the oxyalkylation can be conducted in 
absence of a solvent or the solvent removed after 
oxypropylation. Such oxypropylation end prod- 
uct can thon be acidified with just enough con- 
centïated hydrochloric acid fo just neutralize the 
residual basic catalyst. To this product one can 
then. add a small amount of anhydrous sodium 
sulfate (sufficient in quantity fo take uP an 
water that is present) and then subject the mass 
to centrifugal force so as to eliminate the so- 
dium sulfate and Probably the sodium chloride 
formed. The clear somewhat viscous straw-col- 
oïed amber liquid so obtained may contain a 
small amount of sodium sulfate or sodium chie- 
ride, but, in any event; is perfectly acceptable for 
esterification in the manner described. 
It is to.be pointed out that fhe products here 
descrihed are hot polyesters in the sense that 
there is a plurality.of both diol radicals and acid 
radicals; the product is characterized by having 
only one diol radical.. 
in. some ïnstances and, in fact,, in manY in- 
stances I..have round that in spire of the dehy- 
dration methods employed above.that a.mere 
trace of water still cornes through and that this 
mere trace of water certainlyintreres .with .the 
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acetyl or hydroxyl value determination, at least 
When a number of conventional procedures are 
used and may retard esterificàtion, particularly 
wherê there is no Sulfonic acid or hydrochloric 
acid present as a catalyst. Therefore, I have 
preferrêd fo use the following procedure; I bave 
employed about 200 grains ofthe diol as de- 
scribed in Part 2; preceding I have kdded about 
60 grains of benzene, and then refiuxed this mix- 
ture in the glass resin pot being a phase-sep- 
arating trap until the benzene carried out all 
the water present as water of solution br the 
equivalent. Ordinarily .this refiuxing retapera- 
turc is apt fo be in the-neighborhood of '130 ° fo 
possibly 150 ° C. When all this water or mois« 
turc bas been removed I also withdraw approxi- 
mately 20 grains or a little less benzene and then 
add the required amount of the carboxy reactant 
and also about 150 grains of a high boiling aro- 
matie petroleum solvent. These solvents are 
sold by various off refineries and, .as far as sol- 
vent effect act as if they were a]most completely 
aromatic in character. Typical distillation data 
in the particulár type I have employed and 
round very satisfactory is the-following: 
I. B. P., 142°C. 50 ml., 242 ° C. 
5 ml., 200 ° C. 55 ml., 244 ° C. 
10 ml., 209 ° C. 60 ml., 248? C. 
15 ml., 215 ° C. .65 ml., 252 ° 
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main. If the solvent is tobe removed by distil- 
lation, and particularly vacuum distfllation, then 
the high boiling aromatic petroleum solvent 
might well be replaced by some more expensive 
5 solvent, such as decalin or an alkylated decalin 
which has a rather definite or close range boil- 
ing point. The removal of the solvent,.of course, 
is purely a conventional procedure and requires 
no elaboration,  
10 In the appended table Solvent #7--3, which 
appears in numeroUs instances, is a mixture of 
7 volumes of the aromatic petroleum solvent pre- 
viously described and 3 volumes of benzene. Ref- 
erence to Solvent #7 means the particular pe- 
15 troleum solvent previously described in detail. 
This was used, or a similar mixture, in the man- 
ner previously described. A large number of the 
examples indicated employing decalin were 
peated using this mixture and particularly with 
20 the preliminary step. of removing all the Water: 
If one does not intend fo remove the solvent my 
preference is to use the petroleum solvent-ben- 
zene mixture although obviously any of the othe 
mixtures, such as decalin and xylene, can be 
25 ployed. 
The data included in the subsequent tables, i. e., 
Tables 2 and 3, are self-explanatory, and very 
complete and itis believed no further elaboration 
is necessary:  

TABLE 

Ex. No. of 
Acid 
Ester 

IC .......... 
5C 
C: 
7C .......... 
fOc ......... 
11c_ ....... 
i2c ......... 
i3c ..... 
i4C ......... 
[5c ......... 
i6c ..... :_._ 

Ex. No. 
of 
dro×y 
Cmpd. 
2b 
3b 
4b 
lb 
lb 
lb 
2b 
3b 
3b 
3b 
4b 
"  4b 
. 4b 

Theo. 
of ll. C. 

1,000 
1,960 
2, 935 
8,955 
l, 000 
1,000 
1,000 
1,960 
1,960 
1,-960 
12 935 
2, 935 
2, 935 
3.955 
3, 955 
3. 955 

Theo. -ctal Mol. Wt. 
]v- 
dro(yl Hy- Based on 
V. of droxyl Actual 
H.C. Value H.V. 

112 
57. 3 
,38. 2 
28. 4 
112 
112 
112 
57. 3 
57. 3 
'38.2 
38. 2-- 
38. 2 
28. 4 
28. 4: 
28.4. 

131 
86. 6 
76. 3 
73.5 
131 
131 
' 131 
86. ô 
86. ô 
86. ô 
'. 76.3 
.' 76.3- 
76. 3 
73. 5 
735 

1,294 
1,470 
1,530 
860 
860 
860 
1, 294 
1, 294 
1, 294 
1,470 
1, 70 
1,470 
1, 530 
1, ]0 
.1, 530 

Amt. of 
Hyd. 
Cn]pd. 
(grs.) 

214 
205 
206 
193 
214 
214 
214 
2O5 
205 
_205 
2O6 
206 
205 
193 
193 
" 193 

Polyearboxy Reactant 

Amt. of 
Poly- 
carboxy 
Reaet- 
ant 
(grs.) 

56.  
42. 4 
37. ( 
33. t 
41. t 
62. ( 
42.3 
31. 
46.  
31.  
27.  
41.} 
28. ] 
24.  
37. 
25.  

20 ml,, 2-16 ° c. 
25.ml., 220 ° c. 
30 ml., 225 °. c. 
35 ml., 230 ° c. 
40 ml., 234 ° c. 
45 ml., 237 ° c. 
Aïter this material is 
ued and, of course, is 

70 ml., 252 ° Ci 
75 ml,, 260 ° C: ' 
80 ml:, 264 ° C. 
85 ml., 270 ° C. 
90 ml., 280 ° C. 
95 ml.,-307 ° C. 
,dded, refiuxing.is contin- 
t a high temperature,, te 

wit, about 160 ° to 170 ° C. If the carboxy re- 
actant is an anhydride needless to saY no water 
of reaction appears; if ;he carboxy reactant is an 
gcid, water of reaction should appear and should 
be eliminated at the ove reaction temperature. 
If it is not eliminated [ Simply separate out an- 
other 10 or 20 cc. of enzehe by mens-Of, the 
phase-separating trap ,.- ,.«  o,_ 
perature to 180 ° or 190 ° C.,.oteven te 200 C.,:IÏ 
need be. My preference is hot to go aboie200°: C. 
- The use of such solvent is extremely satisfac- 
toy.provided one does hot àttemPt. to remove 
the solvent subsequently except-by-vacuum dis- 
tillation and provided there is no objection to a 
little residue. Actually, when thesematerials 
are used for a purpose such as demulsification 
the solvent might just as well be allowed .o y.e- 

'Ex. No. of 
Acid Ester 

55 le ............... 
2c ............... 
3c ............... 
60 9c ................ 
lOc ......... = .... 
11c .............. 
12c _ _ __ ........... 
13c .............. 
14c .... : ......... 
15c ........... :__ 
65 16c .... -. ......... 

Solvent 

#7-3 
#7-3 
#7-3 
#7-3 
#7-3 
#7-3 
#7-3 
#7-3 
#7-3 
#7-3 
#7-3 
#7-3 
#7-3 
#7-3 
#7-3 
#7-3 

An]t, 
Solvent 
(grs.) 

268 
241 
229 
222 
268 
268 
268 
241 
241 
241 
229 
250 
246 
222 
222 
222 

Esterifl- 
cation 
Temp. °C. 

142 
145 
154 
144 
143 
140 
145 
145 
140 
142 
150 
142 
148 
146 
142 
144 

Time of 
Esterifl- Water 
cation Out 
(hrs.) (ce.) 
2 9.0 
3 5. 
3 5.0 
2 4.7 
3½ " 

The procedure for manUfacturing the .ester 
has been illustrated by preceding examples. If 
for any reason reaction does not take place in 
 7o .a man_ner that is acceptable, attention should be 
directed to the.following detafls: (a) Recheck the 
hydr0xyl..or acetyl value of the oxypropylated 
glFcerol and use a stoichiometrically equivalent 
amount .of.acid; (b) if the reaction does not 
ï5 proce:ed.. vith .reasonab!e speed either  raise the 
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temperatures indicated or else extend the period 
of rime up to 12 ,or 16 hours if need.be; (c) if 
necessary, use /2 % of paratoluene sulfonic acid 
or:some other acid as a catalyst; (d) if the esteri- 
fiCation does hot produce a clear product a check 5 
shouldbe ruade to see if an inorganic salt such 
as. sodium chloride or sodium sulfate is not pre- 
cipitating out. Such sali should be eliminated, at 
least for exploration experimentation, and can 
be removed by filtering. EverYthing else being fO 
equal as the size of the molecule increases and 
the reactive hydroxyl radical represents a smaller 
fraction of the entire molecule and thus more dif- 
lïculty is involved in obtaining complete esterifi- 
cation. 15 
Even under the most carefully controlled con- 
ditionsuf oxypropylation involving comparatively 
low temperatures and long rime of reaction there 
are. ïormed certain compounds whose composi- 
tion.is still obscure. Such side reaction products '2o 
can.contribute a substantial proportion of the 
final cogeneric reaction mixture. Various sug- 
gestions bave been ruade as to the nature of 
these compounds, such as being cyclic polymers 
of propylene oxide, dehydration products with 25 
the. appearance of a vinyl radical, or isomers of 
propylene oxide or derivatives thereof, i. e., of an 
aldehyde, ketone, or allyl alcohol. In some in- 
stances an attempt fo react the stoichiometric 
amount of a polycarboxy acid with the oxypro- ,o 
pylated derivative results in an excess of the car- 
boxylated reactant for the reason that apparently 
under conditions of reaction less reactive hydroxyl 
radicals are present than indicated by the hy- 
d'oxyl value. Under such circumstances there 35 
is simply a residue of the carboxylic reactant 
which can be removed by filtration or, if desired, 
the ester2cation procedure can be released using 
an appropriately reduced ratio of carboxylic 
 reactant. 4O 
Even the determination of the hydroxyl value 
and conventional procedure leaves much fo be 
desired due either fo the cogeneric materials 
previously referred to, or for that matter, the 
presence of any inorganic salts or propylene 45 
.oxide. Obviously this oxide should be elimi- 
nated. 
The solvent employed, if any, can be removed 
from the finished ester by distillation and par- 
ticularly vacuum distillation. The final prod- 50 
ucts or liquids are generally light straw to light 
amber in color, and show moderate viscosity. 
They .can be bleached with bleaching clays, fll- 
tering chars, and the like. However, for the 
purpose of demulsification or the like color is 55 
not a factor and decolorization is hot justifled. 
In the above instances I have permitted the 
solvents to remain present in the final reaction 
mass. In other instances I have followed the 
same procedure using decalin or a mixture of 60 
decalin or benzene in the same manner and 
ultimately removed all the solvents by vacuum 
distillation. Appearances of the final products 
are must the same as the diols belote esterifi- 
.cation and in some instances were somewhat 65 
darker in color and had a reddish cast and per- 
haps somewhat more viscous.. 
P/kl%T 4. 
 :Previous reference has been mde t0 the fact 70 
that diols such as polypropyleneglycol Of approx- 
ïmately 2,000 molecular weight, for example, have 
been esterified with dicarboxy acids and employed 
as-demulsifying agents. Oï first examination 
the difference .hetween the herein described prod- 75 
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ucts and-such comparable products appears, to 
be rather insignifilant. In fact,, the difference 
is such that it fails to explain the fact that 
compounds of the kind herein described may 
be, and.frequently are, 10%, 15% or 20% ber- 
.ter on a quantitative basis than the simpler com- 
pound previously described, and demulsify faster 
and give cleaner off in many instances. The 
method of making such .comparative tests has 
been described in a booklet entitled "Treating 
Off Field Ëmulsion," used in the Vocational 
Training Courses, Petroleum Industry Series, of 
the American Petroleum Institute. 
The diiïerenc.e, of course, does not reside in 
the carboxy acid but. in the diol. Momentarily 
an effort wfl! be ruade to emphasize certain 
things in regard to the structure of.a polypro- 
pylene glycol, such as polypropylene glycol of 
a 2,000 molecular weight. Propylene glycol.has 
a primary alcohol radical and a secondary al- 
cohol radical In this sense the building unit 
which forms polypropylene glycols is hot syrn- 
metrical. Obviously, then, polypropylene glycols 
can be obtained, at least theoretically, in which 
two secondary alcohol groups are un[ted or a 
secondary alcohol group is united fo a primary 
alcohol group, etherization being involved, of 
course, in each instance. 
Usua!ly no effort is made to differentiate be- 
tween oxypropylation taking place, for example, 
af the primary alcohol unit radical or the sec- 
ondary alcohol radical. Actually, when such 
products are obtained, such as a high molal 
polypropylene glycol or the products obtained in 
the manner herein described one does not ob- 
tain a single derivative such as HO(IO)nH in 
which n bas one and only one value, for in- 
stance, 14, 15 or 16, or the like. lather, one 
obtains a cogeneric mixture of closely related 
or touching homologues. These materials in- 
variably bave high molecular weights and can- 
hot be separated from one another by any 
known procedure without decomposition. The 
properties of such mixture represent the con- 
tribution of the various individual members of 
the mixture. On a statistical basis,, of course, 
n can be appropriately specified. For practical 
purposes one need only consider the oxypropyla- 
tion of a monohydric alcohol because in essence 
this is substantially the mechanism involved. 
Even in such instances.where one is C0ncërned 
with a monohydric reactant one cannot draw 
a single formtila and say that .by following such 
procedure one can readily obtain 80% or 90% or 
100% of such compound. However, in the case 
of at least monohydric initial reactants one can 
readily draw the formulas of a large number of 
compounds which aPpear in some of the prob- 
.able mixtures or can be prepared as components 
.and mixtures which are manufactured conven- 
tionally.,  
Simply by way of illustration reference is ruade 
te the copending application of De Groote, Wir- 
tel, and :Pettingill, .Serial No. 109,791., flled Au- 
gust 11,-1949, now Patent No. 2,549,434. 
 However,-momentarily referring again to a 
monohydric initial reactant it is obvious, that 
if one selects any sflch simple hydroxylated coin: 
pound and::subjects such compound t0 5xyal- 
kylation, such as :oxyethylation; or oxyPrbpylar 
tion, if becomes obvious that one is really.p0: 
ducing a polymer of the alky]ene 0xides ëxpt 
for the terminal group. Thisis particulrly 
troEwhere the amount ofoxide added is cem 
pargively largë, for instance, l0i 20, 30, 40/or 
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55 units. If such compound is subjected, to 
oxyethylation so as fo introduce 30 units of 
ethylene oxide, itis well known that one does 
hot obtain a single constituent which, for the 
sake of convenience, may be indicated as 
RO (CHO) soOH 
Iistead, one obtains a cogeneric mixture of 
closely related homologues, in which the for- 
mula may be shown as the following, 
RO (C2HO) H 
wherein , as far as the statistical average goes, 
is 30, but the individual members present in 
significant amount may vary from instances 
where  bas a value of .5, and perhaps less, 
fo a point where  may represent 35 or more. 
Such mixture is, as stated, a cogeneric closely 
related series of touching homologous com- 
pounds. Considerabli invistigation bas been 
ruade in regard fo the distribution curves for 
linear polymers. Attention is directed to the 
article entitled "Fundamental Principles of Con- 
densation Polymerization," by Flory, which ap- 
peared in Chemical leviews, volume 39, No. 1, 
page 137. 
Unfortunately, as bas been pointed out by 
Flory and other investigators, there is no satis- 
factory method, based on either experimental 
or mathematical examination, of indicating the 
exact proportion of the various members of 
touching homologous series which appear in co- 
generic condenstion products of the kind de- 
scribed. This means that from the practical 
standpoint, i. e., the ability to describe how fo 
make the product under consideration and how 
,to repeat such production rime after time with- 
out diflculty, it is necessary to resort fo some 
other method of description, or else consider the 
value of , in formulas such as those which have 
appeared previously and which appear in thi 
claires, as representing both individual constitu- 
ents in which  bas a single definite value, and 
also with the understanding that  represents 
the average statistical value basid on the as- 
sumption of completeness of reaction. 
This may bi illustratid as follows: Assume 
that in any particular ixample the molal ratio 
of the propylene oxide fo the diol is 15 fo 1. 
tually, one obtains products in which  probably 
varles from 10 fo 0, perhaps even further. The 
average value, however, is 15, assuming, as pre- 
viously stated, that the reaction is comPlete. 
The product described by the formula is best 
described also in terres of method of manu- 
facture. 
However, in thi instant situation it becomes 
obvious that if an ordinary high molal pro- 
Pyleneglycol is compared fo strings of white 
biads of various lengths, the diols herein im- 
ployed as intirmediatis are characterized by 
the presence of a black bead, i. i., a radical which 
corresponds to the glycerol ether of cyclohexanol 
as previously discribed, i. i., the radical 
0 
OCsH 
0 
Furthermore, if becomes obvious now that one 
has a nonsymmetrical radical in the majority of 
cases for reason that in the cogeneric mixture 
golng back to the original formula 
O O 

 and ' are usually not equal, lor instance , 
if one introduces 15 moles of propylene oxide, 
 and t could hot be equal, insofar that the 
nearest approach fo equality is wheri the value 
 of ' is 7 and  is 8. However, even in the case 
of an even number such as 20, 30, 40 or 50, if 
is also obvious that  and ' will hot be equal 
in light of what bas been said previously. Both 
sides of the molecule are hot going to grow with 
10 equal rapidity, i. e., to the sarne size. Thus the 
diol herein imployed is differintiated from poly- 
propylene diol 2000, for example, in that («) if 
carries a heterogeneous unit, i. e., a unit other 
than a propylene glycol or propylene oxidi unit, 
1 (b) such unit is off center, and (c) the effect 
of that unit, of course, must bave some effect 
in the range with which the linear moliculis 
can be rawn together by hydrogen binding or 
van der Waals forces, or whatever else may be 
20 involved. 
What bas been said previously can be em- 
phasized in the following mannir. If bas been 
pointed out previously that in thi last formula 
immediately preceding,  or t could be zero. 
2 Under the conditions of manufacture as de- 
scribed in Part 2 it is extremely unlikely that  
is ever zero. However, such compounds can 
be prepared readily with comparatvely little dif- 
ficulty by resorting to a blocking effect or reac- 
S0 tion. For instance, if the diol is esterified with 
a. low molal acid such as acetic acid mole for 
mole and such lroduct subJected to oxyalkyla- 
tion using a catalyst, such as sodium methylate 
and guarding against the presence of any water, 
35 it becomes evident that all the propylene oxide 
introduced, for instance 15 fo 80 molecule per 
polyhydric alcohol necessarily must enter af one 
side only. If such product is then saponified 
so as fo decompose the acetic acid ester and 
40 then acidlfied so as to liberate the water-soluble 
acetic acid and the water-insoluble diol a separa- 
tion can be ruade and such diol then subjected 
to esterification as described in Part 3, preceding. 
Such esters, of course, actually represent prod- 
45 .ucts where either  or  is zero. Also inter- 
mediate procedures can bi imployed, i. e., fol- 
lowing the saine esterification step after partial 
oxypropy]ation. For instance, one might oxy- 
propylate with one-half the ultimate amount of 
50 propylene oxidi fo bi usid and then stop the 
reaction. One could then convert this partial 
oxypropylated intermediate into an ester by reac- 
tion of one mole of acetic acid wlth one mole of 
a diol. This ester could then be oxypropylated 
55 with all the remaining propylene oxide. The 
final product so obtained could be saponified and 
acidified so as to eliminate the water-soluble 
acetic acid and free the obviously unsymmetricat 
diol which, incidentally, should a]o be kerosene- 
 soluble. 
lrom a practical standpoint I bave found no 
advantage in golng fo this extra step but if does 
emphasize the difference in structure between 
.the herein discribid diols imployed as inter 
5 mediates and high molal polyPropylene glycol, 
such as polypropylene glycol 000. 
The most significant fact in this connection is 
.the following. The claires hereto attached are 
directed to a very speciflc compound, i. e., one 
0 derived by the oxypropylation of the glycerol 
ether of cyclohexanol. If is possibli that the 
cyclic structure present in the glycerol ether of 
cyclohexanol, is of some significance in deter- 
mining the surface-active properties of the ul« 
 tlmate lerivatives although this is merely specu 



ation in light of the fact that one can stat 
with a number of other monohydric alcohols, 
some being cyclic and some not. Such mono- 
hydric alcohols or glycol ethers can then be sub- 
jected to treatment with glycide or the like, 
followed by the same steps previously described 
herein. A number of such glycol ethers are 
available, for example, among others, the follow- 
ing: Ethylene glycol monomethyl ether, ethylene 
glycol ethylbutyl ether, ethylene glycol mono- 
phenyl ether, ethylene glycol monobenzyl ether, 
diethylene glycol monomethyl ether, diethylene 
glycol monoethyl ether, and diethylene glycol 
monobutyl ether. 
I have taken each and every one .of these 
glycol ethers and, as a matter of ïact, a large 
number of others, subJected them fo reaction 
with glycide and then oxypropylated the com- 
pounds and esterified them in the manner de- 
scribed in the instant application. I have tested 
all these products for demulsification and at least 
to date I bave hot round another analogous 
compound equally effective ïor demulsification 
and also for certain other applications in which 
surface activity is involved. At the moment, 
based on this knowledge, this particular com- 
pound appears unique for reasons hot under- 
stood. 
PAleT 5 
Con-¢entional demulsifying agents empioyed in 
the treatment of off fleld emulsions are used as 
such, or after dilution with any suitable solvent, 
such as water, petroleum hydrocarbons, such as 
benzene, toluene, xy]ene, tar acid off,-cresol, an- 35 
thracene off, etc. Alcohols, particularly aliphatic 
alcohols, such as methyl alcohol, ethyl alc0hol, 
denatured alcohol, propyl alcohol, butyl alcohol, 
hexyl alcohol, octyl alcohol, etc., may be em- 
ployed as diluents. Miscellaneous solven-ts such 40 
as pine off, carbon tetrachloride, sulfur dioxide 
extract obtained in the refining of petroléum, 
etc., may be employed as dfluents. Similarly, 
the material or materials employed as he de- 
mulsffying agent of my process may be adm!xed 
with one or more of the solvents customarfly 
nsed in connection with Conventionai demulsifY- 
ing agents. Moreoer, said material òrmaterials 
may be used alone or in admixture with ether 
suitable well-known classes of demulsifying 50 
agents. 
It is well known that conventional demulsify- 
ing agents may be used in a water-soluble form, 
or in an off-soluble form, or in a fom exhibiting 
both oil- and water-solubHity. S0metimes tliey 55 
may be used in a form which exhibits elatively 
limited oil-solubility. HoweVer, since such re- 
-agents are frequently used in a ratio of .! to 
10,000 or 1 to 20,000, or 1 to 30,000, or even 1 to  
40,000, or 1 to 50,000 as in desalting practice, 6O 
«uch an apparent insolubility in il;drfd Water is 
not significant because said rëagentg:undoubtedly 
have solubility within -such concentrations. This 
same fact is truc in egárd to the materil 
materials employed as the-demUlsffying agent 65 
of my process. 
In practicing my proceSs for resolving petrole- 
um emulsions oï ttie water-in-oiltypë a tëating 
àgent or demulsifying agent of the kind áb6ve. 
described is brought into contsct vïith 6r ctiSed 70 
tb act upon the emulsion to be trea];ed,, in'any 
 of the various apparatuS now geneally:. uedto 
resolve or break petroleum emulsior/S 
-ghemical reagent; the above procedurè-being used  " 
alone or in combination with other demulsifying 
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procedure, such-as the electrical dehydratio 
process. 
One type of procedure is to accumulate .a 
volume of emulsified off in a tank and. conduct 
5 a batch treatment type of demulsification pro- 
cedure to recover clean off. In this procedure 
the emulsion is admixed with the demulsifier; 
ïor example by agitating the-tank of emulsion 
and slowly dripping demulsifier into- the..emll- 
10 sion. In some cases mixing is achieved by heat- 
ing the emulsion while dripping in the demul- 
sifier, depending upon. the convection current.in 
tle emulsion to produce sätisfactory admixtUre:. 
In a third modification of thistype of treamet., 
15 a circulating pump withdraws emulsions ïrom; 
e. g:, the bottom of the tank,-and reintroduces 
it into the top of the tank, the demulsifler being 
added, for example, at the suction side o stid 
circulating pump. 
20 In a second type of treating procedure.the 
demulsifier is introduced into the well fiuids et 
the well-head or at some pointbetween thewell- 
head and the final off storage tank, by means of 
an. adjustable proportioning mechanism: or prO- 
25 portioning pump. Ordinarily the flow of fluids 
through the subsequent lines and flttings.sufllces 
t produce the desired degree of mi.xing-of 
mulsifler and emulsion, although in.-some.-.in- 
stanceS additional .mixing devices-maF be: intro- 
30 duced into the fiow system. In this-general 
procedure, the system may include, vari0us 
mechanical devices for withdra-wing -free. waer, 
separating entrained water, or accomplishing 
quiescent settling of the chemica]ized emulsion, 
tteating devices may likewise beincorpora%ed - in 
any of the treat2ng procedures described -herein. 
A third type of application (down-the-hole)-of 
demulsifier to emu]sion is. to intr6duce-Vhe-de- 
mulsifier either periodically or continuously-in 
diluted or undiluted form into the wel!-andto 
allow it to cometo the surface with thë well fluids, 
and then to flow the chemicalized-emutsion 
through any desirable surface equipmen,--such-.as 
employed in the other treating procedures, . This 
particular type of application is decidedly-useïul 
when the demulsifier is used in connection with 
acidification of calcareous oil-bearing: strata-, es- 
pecially iï suspended in. or dissolved.in theacid 
employed for acidification. - 
In all cases, it will be apparent from-thWfoe- 
going description, the broad process consists- sim- 
ply in introducing a relàtively smll proportion 
of demulsifier into a relatively largepropoion 
oï emulsion, adlnixing the chemical, and emulsion 
either through natural fiow or througb-speciat 
apparatus, with or without the applicationof heat, 
and allowing the mixture to stand: quiescent:.untfl 
the undesirable water, content of the emulsion 
separates and setles ïrom.the mass. 
The foll0wing is a typical installstion. 
A reservoir to hold the demulsfier of the. k-ind 
described (dîluted or undfluted) is placed-at/the 
well-head where the effluent liquids leave the well, 
This reservoir or Container, which may vary ïrom 
5 gallons to 50 gallons for. convenience, is con- 
nected to a proporti0ning pump which injects the 
demulsifier drop-wise into-the-fiuids leaving the 
well. Such chemicalized fiuids pass through the 
-fiowline into a setlïng, tank. Ttie. sëtthng -t-nk 
c0nsits of: a tank of  àny- c0nenient :size:! fSr'i - 
stance, one Whicli vill l!dmouf/iiiçÏ-ç -: 
duced in 4 to 4.hours (500barels 
tels capacity), and in which there is a perpen- 
dicular conduit from the-tep of the tak-.to. alm ost 
the vgry bbttom so as to permit the incoming 
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fluids to pass from the top of the settling tnk 
to the bottom, so that such incoming fluids do 
not disturb stratification which takes place dur- 
ing the course of demulsification. The settling 
tank bas two outlets, one being below the water 
level to drain off the water resulting .from, de- 
mulsification or accompanying the emulsion as 
free water,-the other being an oil ourlet at the top 
to permit the passage of dehydrted oil to a sec- 
ond tank, being a storage tank, which holds pipe- 
line or dehydrated off. If desired, the conduit or 
pipe which serres to carry the fiuids from the well 
to the settling tank may include a section of pipe 
with baes to serve as a mixer, to insure thorough 
distribution of the demulsifier throughout the 
flulds, or a heater for raising the temperature 
of the fiuids to some convenient temperature, for 
instance, 120 ° to 160 ° F., or both heater and 
mixer. 
Demulsification procedure is started by simply 
setting the pump so as to feed a comparatively 
large ratio of demulsifier, for instance, 1:5,000. 
As soon as a complete "break" or satisïactory 
demulsification is obtained, the pump is regulated 
untfl experience shows that the amount of de- 
mulsifler being added is just sufficient to produce 
clean or dehydrated off. The amount being fed 
at such stage is uually 1 : 10,0Û0, 1:15,000, 1: 20,000, 
or the like. 
In many instances the oxya!kylated products 
herein specified as demulsffiers can be conven- 
iently used without dilution. However, as previ- 
onsly noted, they may be diluted as desired with 
any suitable solvent. For instance, by mixing 75 
parts by weight of an oxyalkylated derivative, for 
example, the product of Example 3c with 15 parts 
by weight of xylene and 10 parts by weight of iso- 
propyl alcohol, an excellent demulsifier is 
tained. Selection of the solvent will vary, 
pending upon the solubility characteristics of the 
oxyalkylated product, and of course will be dic- 
tated in part by economic considerations, i. e., 
cost. 
As noted above, the products herein described 
may be used not only in dfluted form, but also 
may be used adrnixed with some other chemical 
demulsifier. A mixture which i!lusbates such 
combination is the following: 
Oxyalkylated derivative, for example, the prod- 
uct of Example 3c, 20 % ; 
A cyclohexylamine salt of a polypropylated 
naphthalene mono-sulfonic acid, 24 % ; 
An ammonium salt oï a polypropylated naph- 
thalene mono-sulïonic acid, 24 % ; 
A sodium salt oï off-soluble mahogany petro- 
leum sulïonic acid, 12% ; 
A high-boiling aromatic petroleum solvent, 
15%; 
Isopropyl alcohol, 5 %. 
The above proportions are all weight percents. 
Having thus described my invention what 
claire as new and desire to secure by Letters Pat- 
ent is: 
1. A process for breaking petroletun emulsions 
of the water-in-oil type characterized by subject- 
in ¢.he emulsion to the action of a demulsifier 
including hydrophile synthetic products, said hy- 
drophile synthetic products being characterized 
by the following formula 
o o 
(II00 C) ,,RC (0 CII).0 R 0 (C{H0) ,C R(C 00II).,, 
in which R' is the radical of a glycerol ether of 
cyclohexanol; n and n' are numerals with the 
proviso that n and ' equl a 

15 to 80, Cd n" is a whole number hot over 2, 
and I is the radical of the polybasic acid 
CoOH 
5 \ 
(C00H),, 
in which n" has its previous signicance,, and 
with the ïurther proviso that the parent dihy- 
droxylated compound prior fo esteriflcation be 
I0 water-insoluble. 
2. A process for breaking petroleum emulsions 
of the water-in-oil type characterized by sub- 
jecting the emulsion fo he action of a demulsi- 
fier including hydrophile synthetic products; 
15 said hydrophile synthetic products being char- 
acterized by the following formula 
o o 
(HO o C),,,R (o CH),0 R O (CH0)«C R(C 0 OH),,, 
20 in which R"is the radical of a glycerol ether of 
cyclohexanol; n and n' are numerals With the 
proviso that n and n' equal a sure varying ïrom 
15 to 80, and n" is a whole number not over 2, 
and R is the radical of the polFbasic acid. 
25 CoOH 
/ 
R 
(C00H).,, 
in which " has ifs prevlous signiflcance, and 
30 with the further proviso that the parent dihy- 
droxylated compound prlor fo esterifleatlon be 
water-insoluble, and ai least kerosene-disper- 
sible. 
3. A process for breaking petroleum emulslons 
35 of the water-In-oll type characterlzed by sub- 
jecting the emulsion to the action of a demulsi- 
fier including hydrophile synthetic products; 
said hydrophile synthetic products being char- 
acterized bY the following formula 
4O 
o o 
in which !' is the radical of a glycerol ether of. 
cyclohexanol; n and n' are munerals with the 
45 proviso that n and n' equal a sure varying ïrom 
i5 to 80, and n" is a whole ntunber hot over 2, 
and R is the radical of the polybasic acid 
COOH 
/ 
5O R 
\ 
(C O o H),., 
in which n" has its previous signiflcance; said 
polycarboxy acid having hot over 8 carbon 
atoms; and with the further proviso that the 
55 parent dihydroxylated compound prior fo esteri- 
flcation be water-insoluble and ai least kerosene- 
dispersible. 
4. A process for breaking petrolettm emulsions 
of the water-in-ofl type characterized by sub- 
60 jecting the emulsion to the action of a demulsi- 
fier including hydrophile synthetic products; 
said hydrophile synthetic products being char- 
acterized by the following formula 
65 0 0 
(HO 0 C) R (O CtI,),0 R' 0 (OH,0), R(C O oH) 
in which R' is the radical of a glycerol ether of 
cyclohexanol; n and n" are numerals with the 
70 proviso that n and n' equal a sure varying from 
15 fo 80, and R is the radical of the dicarboxy 
acid 
COOH 
'i' NpO0.  



ad dicaroxy acid haing :no oèr-  crbon 
atoms;, and -.with the ,further. proviso :that the 
parent dihydroxylated-compound prior to esteri- 
fication be water-insoluble and at least kerosene- 
dispersible. .5 
5. The process of claire 4 wherein the dicar- 
,boxy acid:is phthalic acid. 
.6.. The process of claim 4 -wherein ,the dicr- 
box:f acid is maleic.cid. 
7. The process of claire 4 wherin:.the .c.r- 10 Nt!mber 
boxyacid is succlnic acld. 2;562,878 
  8. The process  of .claim. 4 wherein .the dicr- 
,b,OXF :acides citraconic acid. 

°9. The:pr0ces of .claim .4 herein .the dca_r.'« 
b0xy:cid i diglycolic acid. 
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